ID 
(M 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP1 219 655A1 

EUROPEAN PATENT APPLICATION 



(43) Date of pubiication: 


(51) intciJ: C08G 18/44, C08G 18/66, 


03.07.2002 Bulletin 2002/27 


C08G 64/1 8 C08G 1 8/76 


(21) Application number: 01130394.8 


oUob lo/lU 


(22) Date of filing: 20.12.2001 




(84) Designated Contracting States: 


• Kunlmura, Maseru, Ube Lab., 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Corporate Research 


MC NL PTSETR 


Ube-shi, Yamaguchi-ken (JP) 


Designated Extension States: 


• Kashiwaai Kohichi Ube Chemical Factorv 


AL LT LV MK RO SI 


Ube-shi, Yamaguchi-ken (JP) 




• Kaneko, TakayoshI, Ube Chemical Factory 


(30) Priority: 26.12.2000 JP 2000394482 


Ube-shI, Yamaguchl-ken (JP) 


08.02.2001 JP 2001032349 






(74) Representative: 


(71) Applicant: Ube Industries, Ltd. 


Wdssner, Gottfried, Dr. Dipi.-Chem. 


Ube-shI, Yamaguchi-ken 755-8633 (JP) 


Hoeger, Stellrecht & Partner, 




Uhlandstrasse 14c 


(72) Inventors: 


70182 Stuttgart (DE) 


• Tanaka, HIdeho, Ube Lab., Corporate Research 




Ube-shI, Yamaguchl-ken (JP) 





(54) Thermoplastic polyurethane 

(57) A thermoplastic polyurethane useful for elas- 
tomers, elastic fibers and artificial leathers contains a 
polyaddition product of a diisocyanate and a chain ex- 
tender with a liquid polyethercarbonate diol which is a 
reaction product of a carbonate compound with a poly- 
ether diol having structural units (a) (-(CI-l2)e-0-) and at 
least one member of structural units (b) (-(CIH2)2-0) and 
(c) (-CH2CH(CH3)-0-), and In which the units (b) are 



present in an average number (n) of moles of 0 to 5 per 
mole of the units (a), the units (c) are present in an av- 
erage number (m) of moles of 0 to 5 per mole of the units 
(a), and the total average number (n + m) of moles of 
the units (b) and (c) Is more than 1 but not more than 5, 
per mole of the units (a). 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a thermoplastic polyurethane. More particularly, the present invention relates 
to a thennoplastic polyurethane comprising a reaction product of a specific liquid polyethercarbonate diol with a diiso- 
cyanate and a chain extender and usable as a material for producing thermoplastic elastomers, elastic fibers and 
artificial leathers. 

BACKGROUND ART 

[0002] A themioplastic polyurethane Is usually produced by reacting a polyoi compound with a diisocyane and a 
chain extender and has a linear polymeric molecular structure having hard segment portions and soft segment portions. 
[0003] In conventional thermoplastic polyurethanes, the polyoi compound is usually selected from polyether diol 
compounds and polyester diol compounds. Currently, however, polycarbonate diol compounds draw attention as an 
important material for a new type of thermoplastic polyurethane having excellent heat resistance, hydrolysis resistance 
and weather resistance. 

[0004] It Is known, however, that the polycari3onate structure-containing thennoplastic polyurethanes are disadvan- 
tageous in that the thermoplastic polyurethane is too rigid and thus the flexibility and extendability of the thermoplastic 
polyurethanes are low in comparison with those of conventional polyurethanes, particulariy polyether structure-con- 
taining polyurethanes. Also, the polycarbonate structure-containing thermoplastic polyurethanes exhibit high glass 
transition temperatures and have disadvantageous mechanical properties at low temperature. To solve the above- 
mentioned problems, an attempt was made to employ, as a polyoi compound, a polycarbonate diol compound having 
ether groups introduced into the molecules of the polycari^onate diol compound, namely a polyethercarisonate diol 
compound. 

[0005] The diol compounds for providing the diol component in the polyethercarisonate diol are selected from, for 
example, polymeric diols as disclosed in Japanese Unexamined Patent Publication No. 59-66577, including mixtures 
of diol compounds comprising, as principal structures, polycarbonate chains, particulariy 1 ,6-hexanediol polycarbonate 
glycol, with diol compounds containing ethylene oxide stmcture units, and block copolymeric compounds comprising, 
as principal components, polycartDonate chains and ethylene oxide structure units contained in one and the same 
molecule; polyether diols obtained by etherifying 1 ,6-hexanediol, as disclosed in Japanese Unexamined Patent Pub- 
lication No. 63-305,127; and mixtures of polyether polyols, for example, diethylene glycol, triethylene glycol, tetraeth- 
ylene glycol, tripropylene glycol, polypropylene glycol, and polytetramethylene glycol with polyhydric alcohols, for ex- 
ample, ethylene glycol, 1,2-propanedlol, 1 ,3-butanedlol and 1 ,6-hexanedlol, as disclosed in Japanese Unexamined 
Patent Publication No. 2-255,822. 

[0006] The conventional potyethercarisonate diols produced by using the above-mentioned polyether diol compounds 
are disadvantageous in that they are in the state of a solid at room temperature or are very viscous liquids having a 
high viscosity, and are very difficult to handle. Further, the conventional polyethercariaonate diols exhibit a glass tran- 
sition temperature which is not sufficiently low, and thus the resultant polyurethanes are unsatisfactory In flexibility, 
mechanical properties at low temperature, and/or stretchability (elongation and recovery). 

DISCLOSURE OF THE INVENTION 

[0007] An object of the present invention is to provide a thennoplastic polyurethane having excellent mechanical 
properties at low temperature, high flexibility and satisfactory stretchability, including elongation and recovery. 
[0008] Also, present invention provides a new liquid polyethercarbonate diol having a low viscosity and easy handling 
property and usable for the thermoplastic polyurethane having a low glass transition temperature and appropriate 
mechanical properties such as flexibility at a low temperature. 

[0009] The above-mentioned object can be attained by the thermoplastic polyurethane of the present invention, 
which comprises a polyaddition product of a liquid polyethercarisonate diol with a diisocyanate and a chain extender, 
wherein the liquid polyethercariDonate diol is a reaction product of a carbonate compound with a polyether diol 
having structural units (a) and at least one member of structural units (b) and (c) of the fonnulae; 

units (a): -(CH2)6-0- 
units (b): -(CH2)2-0- 
units (c): -CHgCHtCHa)-©- 



the units (b) being present in an average number (n) of moles of 0 to 5 per mole of the units (a), the units (c) 



EP1 219655A1 



being present in an average number (m) of moles of 0 to 5 per mole of the units (a), and the total average number (n 
+ m) of moles of the units (b) and (c) being more than 1 but not more than 5, per mole of the units (a). 
[0010] In the thenmoplastic polyurethane of the present invention, the polyether diol Is preferably selected from ad- 
dition-reaction products of 1 ,6-hexanedlol with at least one member selected from the group consisting of ethylene 
5 oxide and propylene oxide. 

[0011] Inthe thenmoplastic polyurethane of the present invention, the polyether diol preferably has a number average 
molecular weight of from 150 to 450. 

[0012] In the themnopiastic polyurethane of the present invention, the liquid potyethercarbonate diol preferably has 

a number average molecular weight of 500 to 5,000. 
10 [0013] In the themnopiastic polyurethane of the present invention the liquid polyethercarbonate diol Is preferably 

selected from reaction products of carbonates with polyether diol compounds comprising the structural units (a) and 

(b), wherein the average number (n) of moles of the units (b) Is more than 1 but not more than 5 per mole of the units (a) . 

[0014] In the thennoplastlc polyurethane of the present invention the polyether diol preferably has a number average 

molecular weight of from 150 to 450. 
15 [0015] In the thenmoplastic polyurethane of the present invention, the liquid polyethercarbonate diol preferably has 

a number average molecular weight of 500 to 5,000. 

[0016] In the thenmoplastic polyurethane of the present invention, the carbonate compound is preferably selected 
from the group consisting of dialkyi carbonates, diaryl carbonates, alkylene carbonates and alkylaryl carbonates. 
[0017] In the thenmoplastic polyurethane of the present invention, the chain extender preferably comprises at least 

20 one member selected from the group consisting of 1 ,4-butanediol, 2-ethanolamine and 1 ,2-propylenediamine. 

[0018] In the thenmoplastic polyurethane of the present Invention, the diisocyanate is preferably selected from the 
group consisting of 4,4'-diphenylmethane diisocyanate, 1 ,6-hexamethyiene diisocyanate and isophorone diisocyanate. 
[0019] In the thenmoplastic polyurethane of the present invention, in the polyadditlon product of the liquid polyether- 
carbonate diol with the diisocyanate compound and the chain extender, the chain extender Is preferably employed in 

25 an amount of 0.1 to 10 moles per mole of the liquid polyethercarbonate diol and the diisocyanate is employed in an 
molar amount substantially equal to the total molar amount of the liquid polyethercarbonate diol and the chain extender. 
[0020] In the thenmoplastic polyurethane of the present invention, the reaction of the carbonate compound with the 
polyether diol is preferably carried out in a molar ratio of the carbonate compound to the polyether diol of 1 :0.8 to 1 : 
3.0, In the presence of a transesterification catalyst. 

30 [0021] The present invention provides a liquid polyethercarbonate diol which is a new chemical substance and com- 
prises a reaction product of a carbonate compound with a polyether diol having structural units (a) and at least one 
member of structural units (b) and (c) of the fonmulae: 

units (a): -(CH2)6-0- 
35 units (b): -(CH2)2-0- 

units (c): -CH2CH(CH3)-0- 

the units (b) being present in an average number (n) of moles of 0 to 5 per mole of the units (a), the units (c) 
being present in an average number (m) of moles of 0 to 5 per mole of the units (a), and the total average number (n 
40 + m) of moles of the units (b) and (c) being more than 1 but not more than 5, per mole of the units (a). 

[0022] In the liquid polyethercarbonate diol of the present invention the polyether diol is preferably selected from 
addition-reaction products of 1 ,6-hexanedlol with at least one member selected from the group consisting of ethylene 
oxide and propylene oxide. 

[0023] In the liquid polyethercarbonate diol of the present invention, the polyether diol preferably has a number 
45 average molecular weight of from 1 50 to 450. 

[0024] The liquid polyethercarbonate diol of the present invention preferably has a number average molecular weight 
of 500 to 5,000. 

[0025] The liquid polyethercarbonate diol of the present invention is preferably selected from reaction products of 
carbonate compounds with polyether diols comprising the structural units (a) and (b), wherein the average number (n) 
50 of moles of the units (b) is more than 1 but not more than 5 per mole of the units (a). 

[0026] in the liquid polyethercarbonate diol of the present invention, the polyether diol preferably has a number 
average molecular weight of from 150 to 450. 

[0027] The liquid potyethercarbonate diol of the present invention preferably, has a number average molecular weight 
of 500 to 5,000. 

55 

BEST MODE OF CARRYING OUT THE INVEfsTTION 

[0028] The thermoplastic polyurethane of the present invention comprises a polyaddition product of a new liquid 
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polyethercarbonate diol with a diisocyanate and a chain extender, 

[0029] The liquid polyethercarbonate diol of the present invention Is a reaction product of a carbonate compound 
with a polyether diol having structural units (a) and at least one member of structural units (b) and (c) of the fonnutae: 



20 



25 



30 



units (a): 
units (b): 
units (c): 



-(CH2)6-0-. 
-(CH2)2-0-, and 
-CH2CH(CH3)-0- 



the units (b) being present in an average number (n) of moles of 0 to 5 per mole of the units (a), the units (c) 
10 being present in an average number (m) of moles of 0 to 5 per mole of the units (a), and the total average number (n 
+ m) of moles of the units (b) and (c) being more than 1 but not more than 5, per mole of the units (a). 
[0030] The liquid polyethercarbonate diol is In the state of a liquid and exhibits fluidity at room temperature. 
[0031] The polyether diol usable for the production of the liquid polyethercarbonate diol has the units (a) and the 
units (b) and/or (c), and is preferably selected from those of the general fonnuiae (I) to (Vli) shown below. 

15 

HO.(b)„.{a)-{c)„-OH (1) 
H0-(b)„i-(aHb)„2-0H (II) 
H0-(c)„,-(a)-(c)„2-0H (III) 
HO-(a)-(b)„-(c)„-OH (IV) 
HO-(a)-{c)^.(b)„-OH (V) 
HO-(a)-(b)„-OH (VI) 

35 HO-(a)-(c)^-OH (VII) 

[0032] In the fonnulae, a, b, c; n and m are as defined above, n1 and n2 represent integers satisfying the equation: 
n1 -I- n2 = n and ml and m2 represent integers satisfying the equation: ml + m2 = m. 

[0033] The polyether diol can be produced by conventional synthetic methods, for example by addition-reacting 
1 ,6-hexanediol with ethylene oxide and/or propylene oxide. Also, the polyether diol is available on trade. The method 
of producing the polyether diol is disclosed, for example, in Japanese Unexamined Patent Publications No. 1 0-36,499 
and No. 10-204,171. In the disclosed method, a mixture of 1 ,6-hexanediol with a catalyst comprising a basic alkali 
metal compound, for example, an alkali metal hydroxide, is placed in a reactor, and ethylene oxide and/or propylene 
45 oxide is continuously introduced into the reactor at a temperature of 80 to ISO^'C under a pressure of 49 to 490 kPa 
(0.5 to 5 kg/cm2) to react with 1 ,6-hexanedlol and to prepare a polyether diol having target molecular stnjcture and 
weight, and the resultant reaction mixture is subjected to an after-treatment including neutralization, dehydration, drying 
and filtration. The after-treatment may be only water-washing and drying procedures which may be combined with 
adsorption and/or distillation for removing the catalyst. 

[0034] In the preparation of the polyether diol, optionally, a portion (preferably 50 molar % or less) of 1 ,6-hexanediol 
is replaced by one or more other diol compounds. The other diol compounds may be selected from aliphatic dio) 
compounds, for example, 1 ,4-butanediol, 1 ,5-pentanediol, 1,7-heptanediol, 1,8-octanedioi, 1 ,9-nonanediol, 1,10-de- 
canediol. 1,12-dodecanediol, 2-methyl-1 ,3-propanediol, 3-methyl-1 .5-pentanediol, neopentyl glycol, 2-methyl-1 ,8-oc- 
tanediol, 1 ,4-cyclohexanedimethanol. 
55 [0035] The polyether diol preferably has a number average molecular weight of 1 50 to 450, more preferably 1 70 to 
410. The polyether diol is preferably selected from those containing the structure units (a) and the structure units (b) 
but not the structure units (c), namely m = 0, and 1 < n ^ 5, for example, the compounds of the general formulae (II) 
and (VI). More preferably, the polyether diol usable for the present invention is selected from those having the stmctura) 
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units (a) and (b) (and free from the structure units (c), namely m = 0, 1 < n ^ 5), for example, the compounds of the 
general f onnulae (II) and (VI), and having a number average molecular weight of 1 50 to 450, more preferably 1 70 to 41 0. 
[0036] The carbonate compound usable for the production of the polyethercarbonate diot Is preferably selected from 
aliphatic and aromatic carbonates (carbonate esters), for example, diallcyl carbonates, diaryl carbonates, alkylene 
5 carbonates and aikylaryl cart)onates. Particularly, the carbonate compound is preferably selected from dimethyl car- 
bonate, diethyl carbonate, di-n-butyl carbonate, diisobutyl carbonate, diphenyl carbonate, methylphenyl carbonate, 
ethylene carbonate and propylene carbonate. 

[0037] The reaction of the polyether diol with the carbonate compound can be carried out in accordance with the 
conventional method of producing polycarbonate diol. In this method, the above-mentioned polyether diol and carbon- 
10 ate compound are subjected to a transesterlficatlon reaction in the presence of a transesterificatlon catalyst, while an 
aliphatic or aromatic alcohol produced as a by-product in the reaction system is continuously delivered from the reaction 
system to the outside thereof, to produce the polyethercarbonate diol usable for the production of the themnoplastic 
polyurethane resin. 

[0038] In the above-mentioned reaction, there is no limitation to the amount of the polyether diol to be fed into the 
'5 reaction, as long as the target product can be obtained. Usually, the polyether diol is preferably employed in a molar 
amount of 0.8 to 3.0 times, more preferably 0.85 to 2.0 times, still more preferably 0.9 to 1 .5 times, the molar amount 
of the carbonate compound, so that both the terminals of the backbone chain of the resultant liquid polyethercarbonate 
diol molecule are substantially fomried by hydroxyl groups. Also, the transesterificatlon catalyst is preferably employed 
in an amount of 1 to 5,000 ppm, more preferably 10 to 1,000 ppm, based on the mass of the polyether diol. In the 
20 transesterification reaction, the above-mentioned carbonate compounds may be employed alone or in a mixture of two 
or more thereof. 

[0039] In the transesterification reaction, there is no specific limitation to reaction conditions, as long as the target 
product can be produced. Usually, to obtain the target product with a high efficiency; the transesterification is carried 
out by heating the reaction mixture at a temperature of 1 1 0 to 200**C under the ambient atmospheric pressure for 1 to 

25 24 hours, then at a temperature of 110 to 240°C (preferably 140 to 240''C) under a reduced pressure for 1 to 20 hours, 
and then the pressure of the reaction mixture is gradually reduced until a level of 2666.44 Pa (20 mmHg) or less while 
the reaction mixture is heated at the above-mentioned temperature for 0.1 to 20 hours. Also, the reactor is preferably 
equipped with a distillation column to withdraw the alcohol produced as a by-product and, optionally, an inert gas (for 
example, nitrogen, helium or argon gas) passes through the reactor. 

30 [0040] There is no limitation to the type of the transesterification catalyst as long as the catalyst is effective to accel- 
erate the transesterification reaction. The transesterification catalyst usable for the production of the polyethercar- 
bonate diol preferably comprises at least one member selected from titanium compounds, for example, titanium tetra- 
chloride, and tetraalkoxytitanlums (Including tetra-n-butoxy-titanlum and tetraisopropoxytitanium); metallic tin; and tin 
compounds, for example, tin(ll)hydroxlde, tin(ll)chloride, dibutyltin laurate, dibutyltin oxide, and butyltin tris(ethylhex- 

35 anoate). Among the above-mentioned compound, preferably tetraalkoxytitanlums including tetra-n-butoxytitanium and 
tetraisopropoxytitanium, dibutyltin laurate, dibutyltin oxide and butyltin tris(ethylhexanoate), more preferably, 
tetraalkoxytitanlums, for example, tetra-n-butoxytltanium and tetraisopropoxytitanium, are used for the catalyst. 
[0041] The liquid potyethercari^onate diol usable for the production of the thermoplastic polyurethane resin of the 
present invention preferably has a number average molecular weight of 500 to 5,000, more preferably 500 to 3,000. 

40 If the target number average molecular weight is less than 500, the molecular weight and the hydroxyl value of the 
target liquid polyethercarbonate diol is preferably controlled to the target value by a conventional method in which the 
polyether diol is reacted with the carbonate compound under a reduced pressure while distilling off the non-reacted 
polyether diol from the reaction system. Also, if the target number average molecular weight is more than 5,000, the 
molecular weight is controlled to the desired values by a conventional method in which a supplementary amount of 

45 the polyether diol is added to the reaction mixture to promote the transesterification reaction. If necessary, after the 
molecular weight is adjusted to the target values, the residual transesterification catalyst In the reaction mixture con- 
taining the resultant liquid polyethercarisonate diol is inactivated with a phosphorus compound, for example, phosphoric 
acid, butyl phosphate or dibutyl phosphate. 

[0042] The liquid polyethercarbonate diol usable for the production of the themrioplastic polyurethane resin preferably 
50 comprises a reaction product of a polyether diol having the structure units (a) and the structure unit (b) (free from the 

structure unit (c), m = 0, 1 < n ^ 5) with a cartjonate compound. The unit (c)-free liquid polyethercartDonate diol preferably 

has a number average molecular weight of 500 to 5,000, more preferably 500 to 3,000. In this case, the polyether diol 

preferably has a number average molecular weight of 150 to 450, more preferably 170 to 410, as mentioned above. 

[0043] The thennopfastic polyurethane of the present invention comprises a reaction product of the above-mentioned 
55 polyethercarbonate diol with a dlisocyanate and a chain extender by a polyurethane-producing reaction. The temn 

"diisocyanate" used herein refers to an isocyanate compound having at least two isocyanate groups. 

[0044] The dlisocyanate usable for the production of the thermoplastic polyurethane is selected aliphatic, cy- 

cloaliphatic and aromatic dlisocyanate compounds. 
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[0045] The aliphatic and cycloallphatic diisocyanate compounds include, for example, 1 ,3-trimethylene dilsocyanate, 
1,4-tetramethylene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethylhexamethylene dilsocyanate, 
2,4,4-trlmethylhexamethylene diisocyanate, 1 ,9-nonamethylene dilsocyanate, 1,10-decamethylene diisocyanate, 
1 ,4-cyclohexane dilsocyanate, isophorone diisocyanate, 4,4'-dicyclohexylmethane dilsocyanate, 2,2*-diethylether di- 
isocyanate, hydrogenated xylylene diisocyanate, and hexamethylene diisocyanate-biuret. 

[0046] The aromatic diisocyanate compounds include, for example, p-phenylene diisocyanate, tolylene dilsocyanate, 
xylylene diisocyanate, 4.4'-diphenyl diisocyanate, 1 ,5-naphthalene diisocyanate, 4,4'-diphenylmethane diisocyanate 
(MDI), 3,3'-methylenedlto!ylene-4,4'-dilsocyanate. tolylenedlisocyanate-trimethylolpropane adduct, triphenylmethane 
triisocyanate, 4,4'-diphenylether diisocyanate, tetrachlorophenylene diisocyanate, 3,3'-dichIoro-4,4*-diphenylmethane 
dilsocyanate, and triisocyanate phenylthiophosphate. 

[0047] Among the diisocyanate compounds as mentioned above, preferably 4,4'-dlphenylmethane diisocyanate, 
1 ,6-hexamethyIene diisocyanate and Isophorone diisocyanate are employed, and more preferably 4,4'-dlphenylmeth- 
ane diisocyanate is employed. The above-nientioned diisocyanate compounds may be employed alone or In mixtures 
of two or more thereof. 

[0048] The chain extender usable for the production of the thennoplastic polyurethane can be selected from low 
molecular weight organic compound having at least two hydrogen atoms reactive with isocyanate groups. The com- 
pounds usable for the chain extender include polyol compounds and potyamine compounds. 
[0049] The polyol compound Is selected from aliphatic and cycloallphatic polyol compounds, for example, ethylene 
glycol, 1 ,2-propylene glycol, 1 ,3-butane diol, 1 ,4-butane dioi, 1 ,5-pentane diol, 1 ,6-hexane diol, 1 ,8-octane diol, 1 ,9-no- 
nane diol, 1 ,10-decane diol, neopentyl glycol, 3-methyl-1 ,5-pentane diol, 3,3-dimethylolheptane, 1 ,4-cyclohexane diol, 

1 .4- cyclohexanedimethanol and 1 ,4-dihydroxyethyl cyclohexane; and aliphatic and aromatic polyamine compounds, 
for example, ethylene diamine, 1 ,2-propylene diamine, 1 ,6-hexamethylene diamine, isophorone diamine bis(4-amino- 
cyclohexyl)methane, piperazine and meta- or para-xylene diamine; aliphatic, cycloallphatic and aromatic aminoalcohol 
compounds, for example, 2-ethanolamine, N-methyldiethanolamine, N-phenyldipropanolamine; hydroxyatkyi sulfa- 
mides, for example, hydroxyethyl sulfamide and hydroxy ethylaminoethyl sulfamide; urea and water. Among the above- 
mentioned chain extending compounds, preferably 1,4-butane diol, 2-ethanolamlne, and 1 ,2-propylenediamlne are 
employed. The above-mentioned chain-extending compounds may be used alone or in a mixture of two or more thereof. 
[0050] In the production of the thennoplastic polyurethane of the present Invention, a portion of the liquid potyether- 
carbonate diol produced by the reaction of the polyether diol as defined above with the carbonate compound is optionally 
replaced by at least one aliphatic polycarbonate diol produced by a reaction of an aliphatic or cycloallphatic diol with 
a carbonate compound. 

[0051 ] In this case, the aliphatic or cycloallphatic polycarbonate diol Is preferably employed in an amount of 50% by 
mass or less of the total mass amount of the liquid potyethercarbonate diol and the aliphatic or cycloallphatic polycar- 
bonate diol. 

[0052] The aliphatic and cycloallphatic diols are preferably selected from 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hex- 
anediol, 1 ,7-heptanediol, 1 ,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 2-methyl-1,3-propanediol, 3-methyl- 

1 .5- pentanedlol, neopentylglycol, 2-methyl-1 ,8-octanediol and 1 ,4-cyclohexanedimethanol. The carbonate compounds 
to be reacted with the aliphatic or cycloallphatic diols are selected from the same carbonate compounds as those to 
be reacted with the polyether diols. 

[0053] The polyurethane producing reaction can be candied out in the absence of a reaction medium, or in the pres- 
ence of a solvent non-reactive to the diisocyanates. When no reaction medium is used, the polymerization reaction 
can be earned out (1 ) by mixing a liquid potyethercarbonate diol with a chain extender, and further mixing the resultant 
mixture with a dilsocyanate to cause all the mixed compounds to be reacted with each other; (2) by reacting the liquid 
polyethercarbonate diol with the diisocyanate to produce a prepolymer having isocyanate groups, mixing the prepol- 
ymer-containing mixture with the chain extender to allow the prepolymer to react with the chain extender; or (3) by 
mixing a liquid polyethercarbonate diol with the chain extender, further mixing a portion of the necessary amount of 
the diisocyanate to allow the mixed portion of the diisocyanate to react with the polyethercarbonate diol and the chain 
extender and to produce a prepolymer having hydroxyl groups, still further mixing a remaining portion of the diisocy- 
anate into theprepolymer-containing mixture to allow the mixed portion of the diisocyanate to react with the prepolymer 
[0054] The polymerization reaction in the absence of the reaction medium is preferably earned out at a reaction 
temperature of 80 to 1 50°C. When the procedure (2) or (3) is carried out, the resultant prepolymer has a low molecular 
weight, the prepolymer must be further polymerized to increase the molecular weight thereof. 
[0055] When the reaction medium (solvent) is employed, the polymerization reaction for the thermoplastic poly- 
urethane is carried out (1) by dissolving a liquid polyethercarbonate diol in a solvent, mixing the resultant solution with 
a chain extender and then with a diisocyanate, and subjecting the resultant reaction mixture to the polymerization 
reaction; (2) by dissolving the polyethercariDonate diol In a solvent, mixing the resultant solution with the diisocyanate 
to allow the dissocyanate to react with the polyethercarbonate diol and to prepare a prepolymer having Isocyanate 
groups, and further mixing the prepolymer-containing mixture with the chain extender to allow the chain extender to 
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react with the prepotymer; or (3) by dissolving the polyethercarbonate die! in the solvent, mixing the resultant solution 
with the chain extender and a portion of the necessary amount of diisocyanate. to allow the mixed chain extender and 
diisocyanate to react with the polyethercarbonate diol and to prepare a prepolymer having hydroxyl groups, and further 
mixing the prepolymer-containlng mixture with a remaining portion of the diisocyanate, to allow the mixed dissocyanate 

5 to react with the prepolymer. The polymerization reaction in the presence of the reaction medium (solvent) is preferably 
carried out at a reaction temperature of 20 to 1 0O'^C. The solvent for the reaction medium preferably comprises at least 
one member selected from methyiethy) ketone, ethyl acetate, toluene, dioxane, dimethylformamide, dimethylsulf oxide. 
[0056] In the polymerization reaction for the polyurethane the chain extender is preferably employed in an amount 
in the range of from 0.1 to 1 0 moles, more preferably 1 to 5 moles, per mole of the liquid polyethercarbonate diol. The 

10 molar ratio of the chain extender to the liquid polyethercarbonate diol can be established in response to the target 
properties of the thermoplastic polyurethane. 

[0057] Also, the diisocyanate is preferably employed in a molar amount approximately equal to the total molar amount 
of the liquid polyethercarbonate diol and the chain extender. Particularly, the diisocyanate is preferably employed in 
an equivalent weight ratio of total active hydrogen atoms contained in the liquid polyethercarbonate diol and the chain 
'5 extender to the isocyanate groups of the diisocyanate of 1 :0.8 to 1 :1 .2, more preferably 1 :0.95 to 1 :1 .05. 

[0058] Also, in the polymerization reaction for the polyurethane, a conventional catalyst comprising an amine com- 
pound or tin compound can be employed to promote the reaction. 

[0059] In the themfioplastic polyurethane of the present Invention produced by the above-mentioned polynierization 
procedures, the terminal groups of the polyurethane molecules are hydroxyl groups or isocyanate groups. The ther- 

^ moplastic polyurethane of the present invention can be further polymerized linearly or in three-dimensional network 
structure by reacting with a compound having at least two hydrogen atoms reactive to isocyanate groups per molecule, 
or a compound having two isocyanate groups per molecule. Also, by reacting with a compound having a urethane 
bond and/or a urea bond or a compound having at least three hydrogen atoms reactive to the isocyanate groups, the 
thermoplastic polyurethane of the present invention can be modified with across-linking structure introduced thereinto. 

25 Further, the thermoplastic polyurethane of the present invention optionally contains one or more conventional additives 
unless the additives affects tiie effect of the present Invention. 

EXAMPLES 

30 [0060] The present invention will be further explained by the following examples in comparison with comparative 
examples. 

[0081] The chemrcal and physical properties of the polyether diols and the liquid polyethercarbonate diols were 
determined by the following test methods. 

35 1 . Hydroxyl value (OH value, mg KOH/g) 

[0062] The hydroxyl value was measured In accordance with JiS K 1557 and calculated in accordance with the 
following equation. 

OH value (mg KOH/g) = 28.05 (B - A)f/S 

[0063] In the equation S represents an amount in g of the sample subjected to the measurement, A represents an 
amount in ml of 0.5N aqueous sodium hydroxide solution employed in the titration for the sample, B represents an 
45 amount in ml of 0.5N aqueous sodium hydroxide solution employed in a control test, and f represent a factor of the 
0.5N aqueous sodium hydroxide solution. 

2. Number average molecular weight (Mn) 

50 [0064] The number average molecular weight (Mn) of the sample was calculated in accordance with the following 
equation: 

Mn = 112200/OH value 

55 

3. Average numbers of moles (n, m) of addition reacted ethylene oxide and propylene oxide. 

[0065] The average numbers of moles (n, m) of addition reacted ethylene oxide and propylene oxide In the sample 
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were calculated in accordance with the equations: 

Mn = 44n + 58m + 118; 

5 

0 ^ n ^ 5, 



0 ^ m ^ 5, 

and 



,5 1 < n + m ^ 5. 

wherein Mn is as defined above. 

4. Acid value (mg KOH/g) 

20 

[0066] The acid value of the sample was calculated in accordance with the following equation: 

Acid value (mg KOH/g) = 5.61 (C - D)f 7s' 

25 

wherein S' represents an amount in g of the sample, C represents an amount of 0.1 N aqueous sodium hydroxide 
solution employed in titration for the sample, f represents a factor of the 0.1 N aqueous sodium hydroxide solution. 

5. Glass transition temperature (Tg, °C) 

30 

[0067J The glass transition temperature of the sample was measured by using a differential scanning calorimeter 
(model: DSC-50, made by SHtMAZU SEISAKUSHO) in a nitrogen gas atmosphere at a temperature-increasing rate 
of 10*C/mln. 

35 6. Viscosity (Pa-s) 

[0068] The viscosity of the sample was measured by using an E-type rotaviscometer (made by TOKYO KEIKI K.K.) 
at a temperature of 75^0. 

[0069] The mechanical properties of the themioplastic polyurethane was measured by the following test methods. 

40 

1 . Tensile properties 

[0070] The tensile properties (modulus in tention, tensile stresses in elongation of 100%, 200% and 300%, tensile 
strength and ultimate elongation) of the themioplastic polyurethane were measured by using a tensile tester (trademark: 
45 TENSILON UCT-5T, made by ORIENTEC K.K.) at a temperature of 23'»G at a relative humidity of 50% RH, in accord- 
ance with JISK 7311. 

2. Glass transition temperature (Tg) 

50 [0071 ] The glass transition temperature of the themioplastic polyurethane was detemnined by measuring a dynamic 
viscoelasticity in tensile mode by using a dynamic viscoelastlcity-analyzer (model: RSA II, made by RHEOMETRICS 
K.K.), at a frequency of 1 Hz under a stress of 0.05% at a temperature in the range of from -1 00 to 200*C, detemnining 
the peak temperature at which the thennoplastic polyurethane exhibit a peak loss modulus from the measurement 
data. The peak temperature corresponds to the Tg of the thennoplastk; polyurethane. 

55 

3. Permanent set 

[0072] By using the tensile tester (trademark: TENSILON UCT-5T, made by ORIEfSTTEC) in accordance with JIS K 
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7311 , a specimen of the polyurethane was stretched in an elongation con^esponding to 1/2 of the ultimate elongation 
of the polyurethane at a temperature of 23X at 50% RH, the stretched specimen was maintained in the elongated 
state under the above-mentioned condition for 1 0 minutes, and the specimen was allowed to rapidly retract at a returning 
rate of 500 mm/min, without rebounding, the retracted specimen was removed from the tester and left to stand for 10 
5 minutes to relax, and the permanent set of the specimen was detemiined in accordance with the following equation: 

Pemianent set (%) = [(L - L^yLJ x 100 

10 wherein Lo is a length of the specimen before stretching and L Is a length of the specimen after relaxing. The 

was 20 mm. 

4. Hysteresis loss 

15 [0073] The hysteresis loss of a polyurethane specimen in a rectangular form of 5 mm x 1 00 mm was determined 
by stretching the specimen by using the tensile tester (trademark: TENSILON UCT-5T, made by ORiENTEC K.K) at 
23*^0 at 50% RH at a distance between a pair of gripping members of the specimen of 40 mm at a stretching rate of 
10 mm/min, at an elongation of 150% to provide a graph showing a stress-strain curve In stretching of the specimen; 
allowing the specimen to retract at a rate of 10 mm/min to provide a graph showing a stress-strain curve in retracting 

20 of the specimen; and then detemnining the hysteresis loss of the specimen in accordance with the following equation: 

Hysteresis loss (%) = [A/A^] x 100 

25 wherein represents an area defined by the stress-strain curve in stretching of the specimen and A represent 

an area the loop between the stress-strain curve In stretching and the stress-strain curve in retracting of the specimen. 

Example 1 (Production of a iiquid poiyethercarbonate diol) 

30 (1) preparation of a poiyether diol (I) 

[0074] A poiyether diol (I) was prepared by distilling a reaction product of 1 ,6-hexanediol with ethylene oxide in an 
average amount of 2.03 moles per mole of 1 ,6-hexanediol, under a reduced pressure of 466.6 to 266.6 Pa (3.5 to 2.0 
mmHg) at a distillation temperature of 148 to 195<*C. The properties of the resultant poiyether diol (I) are shown In 
35 Table 1 . 

(2) Production of a liquid poiyethercarbonate diol (A) 

[0075] A glass reactor equipped with a stirrer, a thermometer and a distillation column (having a fractional distiiiation 

40 pipe, a refluxing head and a condenser equipped on the top portion thereof), and having a capacity (inner volume) of 
one liter was charged with 2.30 mole of the poiyether diol (I), 2.06 mole of dimethyl carbonate, and 0.507 m mol of a 
catalyst consisting of tetra-n-butoxytitanium. The resultant reaction mixture was heated to a temperature of 1 70''C and 
kept at this temperature for 2 hours under reflux. Then, the reaction mixture was gradually heated to a temperature of 
190*0 over a time of 6.5 hours, while a mixture of a by-product consisting of methyl alcohol with non-reacted dimethyl 

45 carbonate Is distilled off, and was kept at the temperature of 190*^0 under a reduced pressure of 13332.2 Pa (100 
mmHg) for 3 hours while the mixture of methyl alcohol and dimethyl carbonate is distilled off. Further, the resultant 
reaction mixture was subjected to the reaction at a temperature of 1 90**C under a pressure of 693.3 to 93.3 Pa (5.2 to 
0.7 mmHg) for 9 hours, while the non-reacted poiyether diol (I) was distilled off. A liquid poiyethercarbonate diol having 
a hydroxyl value of 49.8 mg KOH/g was obtained. 

50 [0076] The resultant liquid poiyethercarbonate diol was mixed with 0.024 mol of the poiyether diol (I), and the resultant 
mixture was stinted at a temperature of 1 85*'C under a pressure of 26664.4 Pa (200 mmHg) for 2 hours, to control the 
molecular weight of the poiyethercarbonate diol. The resultant iiquid poiyethercarbonate diol was mixed with dibutyl 
phosphate In a molar amount equal to that of the above-mentioned catalyst, the mixture was stirred at a temperature 
of 130''C under a pressure of 13332.2 Pa (100 mmHg) for 2 hours, to inactivate the catalyst. The properties of the 

55 resultant liquid poiyethercarbonate diol (A) are shown in Table 2. 
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Example 2 (Production of a liquid potyethercarbonate diol) 

(1) Preparation of a polyether diol (IV) 

5 [0077] A polyether diol (IV) was prepared by distilling a reaction product of 1 ,6-hexanediol with propylene oxide in 
an average amount of 2.07 moles per mole of 1,6-hexanediol, under a reduced pressure of 666.6 to 66.7 Pa (5.0 to 
0.5 mmHg) at a distillation temperature of 170 to 175*»C. The properties of the resultant polyether diol (IV) are shown 
in Table 1 . 

10 (2) Production of a liquid polyethercarfaonate diol (B) 

[0078] The same glass reactor as in Example 1 was charged with 2.00 mole of the polyether diol (IV), 2.06 mole of 
dimethyl carbonate, and 0.259 m mol of a catalyst consisting of tetra-n-butoxytitanlum. The resultant reaction mixture 
was heated to a temperature of 1 60*'C and kept at this temperature for 3 hours under reflux. Then, the reaction mixture 

IS was gradually heated to a temperature of 1 90^C over a time of 1 3 hours, while a mixture of a by-product consisting of 
methyl alcohol with non-reacted dimethyl carbonate is distilled off. At the stage of 1 0 hours from the start of the heating 
procedure, the reaction mixture was added with 0.259 m mol of the catalyst. The reaction mixture was heated at a 
temperature of ISO^C under a reduced pressure of 13332.2 Pa (100 mmHg) for 3 hours while the mixture of methyl 
alcohol and dimethyl carbonate is distilled off. Further, the resultant reaction mixture was subjected to the reaction at 

20 a temperature of 1 90*»C under a pressure of 586.6 to 493.3 Pa (4.4 to 3.7 mmHg) for 1 1 hours, while the non-reacted 
polyether diol (IV) was distilled off. A liquid potyethercarbonate diol having a hydroxyl value of 56.6 mg KOH/g was 
obtained. 

[0079] The resultant liquid potyethercarbonate diol was subjected to the same procedure for inactivating the catalyst 
as In Example 1 . The properties of the resultant liquid polyethercarbonate diol (B) are shown in Table 2. 

25 

Comparative Example 1 (Production of a liquid polyethercarbonate diol (C)) 

[0080] A glass reactor having a capacity of 2 liters and the same equipments as in Example 1 was charged with 0.85 
mole of diethylene glycol, 0.81 mole of dimethyl carbonate, and a catalyst consisting of tetra-n-butoxytitanium in an 

30 amount of 100 ppm based on the mass (weight) of diethylene glycol. The resultant reaction mixture was heated to a 
temperature of 130*^0 and kept at this temperature for 3 hours under reflux. Then, the reaction mixture was gradually 
heated to a temperature of 1 90**C over a time of 5 hours, while a mixture of a by-product consisting of methyl alcohol 
with non-reacted dimethyl carbonate is distilled off, and was kept at the temperature of 1 go°C under a reduced pressure 
of 2666.4 Pa (20 mmHg) for 2 hours, while the mixture of methyl alcohol and dimethyl carbonate was distilled off. In 

35 this procedure, the time spent to reduce the pressure to 2666.4 Pa was 4 hours. 

[0081] The resultant liquid polyethercarbonate diol was mixed with dibutyl phosphate in a molar amount equal to that 
of the above-mentioned catalyst, the mixture was stin-ed at a temperature of 110*^0 under a pressure of 13333.2 Pa 
(100 mmHg) for 2 hours, to inactivate the catalyst. The properties of the resultant liquid polyethercarbonate diol (C) 
are shown in Table 2. 

40 

Comparative Example 2 (Production of a liquid polyethercarbonate diol (D)) 

[0082] A liquid polyethercarbonate diol (D) was produced by the same procedures in Comparative Example 1 , except 
that the diethylene glycol was replaced by 0.85 mol of triethylene glycol. The properties of the resultant polyethercar- 
^ bonate diol (D) are shown in Table 2. 

Example 3 (Production of a liquid polyethercarbonate diol (E)) 

(1) Preparation of a polyether diol (II) 

50 

[0083] A polyether diol (II) was prepared by distilling a reaction product of 1 .6-hexanediol with ethylene oxide in an 
average amount of 1.04 moles per mole of 1 ,6-hexanediol, under a reduced pressure of 533.3 to 66.7 Pa (4.0 to 0.5 
mmHg) at a distillation temperature of 150 to 185**C. The properties of the resultant polyether diol (II) are shown In 
Tablet. 

55 

(2) Production of a liquid polyethercarbonate diol (E) 

[0084] The same glass reactor as in Example 1 was charged with 2.30 mole of the polyether diol (11), 2.51 mole of 
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dimethyl cartonate, and 0.232 m mol of a catalyst consisting of tetra-n-butoxytitanium. The resultant reaction mixture 
was heated to a temperature of 1 60''C and kept at this temperature for 2 hours under reflux. Then, the reaction mixture 
was gradually heated to a temperature of 190''C over a time of 6.5 hours, while a mixture of methyl alcohol with non- 
reacted dimethyl carbonate is distilled off, and was kept at a temperature of 1 90'C under a reduced pressure of 39996.6 
5 Pa (300 mmHg) for 0.5 hours and then under a pressure of 13332.2 Pa (100 mmHg) for 3 hours while the mixture of 
methyl alcohol and dimethyi carbonate was distilled off. Further, the resultant reaction mixture was subjected to the 
reaction at a temperature of IQO'^C under a pressure of 253.3 to 26.7 Pa (1 .9 to 0.2 mmHg) for 4.5 hours, while the 
non-reacted potyether diol (II) is distilled off. A liquid polyethercarbonate diol having a hydroxyl value of 47.2 mg KOH/ 
9 was obtained. 

10 [0085] The resultant liquid polyethercarbonate diol was mixed with 0.023 mol of the polyether diol (II), and the re- 
sultant mixture was treated in the same manner as in Example 1 to control the molecular weight of the polyethercar- 
bonate diol. The resultant liquid polyethercarbonate diol was treated in the same manner as In Example 1 , to inctivate 
the catalyst. The properties of the resultant liquid polyethercarbonate diol (E) are shown in Table 2. 

'5 Example 4 (Production of a liquid polyethercarbonate diol (F)) 

(1) Preparation of a polyether diol (111) 

[0086] A polyether diol (111) was prepared by distilling a reaction product of 1 ,6-hexanediol with ethylene oxide in an 
20 average amount of 3.02 moles per mole of 1 ,6-hexanediol, under a reduced pressure of 666.7 to 26.7 Pa (5.0 to 0.2 
mmHg) at a distillation temperature of 155 to 196°C. The properties of the resultant potyether diol (III) are shown In 
Table 1. 

(2) Production of a liquid polyethercarbonats diol (F) 

25 

[0087] The same glass reactor as in Example 1 was charged with 1 .40 mole of the polyether diol (III), 1 .47 mole of 
dimethyl carbonate, and 0.182 m mol of a catalyst consisting of tetra-n-butoxytitanium. The resultant reaction mixture 
was heated to a temperature of 1 SO^'C and kept at this temperature for 2 hours under reflux. Then, the reaction mixture 
was gradually heated to a temperature of 1 90*^0 over a time of 6.5 hours, while a mixture of methyl alcohol with dimethyl 

30 carbonate is distilled off, and was kept at the temperature of ^90'*C under a reduced pressure of 39996.6 Pa (300 
mmHg) for 0.5 hours and then under a pressure of 13332.2 Pa (100 mmHg) for 4 hours, while the mixture of methyl 
alcohol and dimethyl carbonate was distilled off. Further, the resultant reaction mixture was subjected to the reaction 
at a temperature of 190°C under a pressure of 1 73.3 to 26.7 Pa (1 .3 to 0.2 mmHg) for 4 hours, white the non-reacted 
polyether diol (III) was distilled off. 

35 [0088] The resultant liquid polyethercarbonate diol was subjected to the same catalyst-inactivating treatment as in 
Example 1 . The properties of the resultant liquid polyethercarbonate diol (F) are shown in Table 2. 



40 
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Table 1 



Jtm 

ExaaplQ No/V^ 


Polyether diol 




Structure 
unit£ 




Ma 


Hydroxyl 
(wXDH/a) 


Acid 
valua 

(mgKOH/g) 


Sxaapla 


1 


I 


(a), (b) 


(n) 1.575 


188 


598 


0,033 


2 


IV 


(a), (c) J 


(n) 1,756 


220 


510 


0.158 


3 


II 


(b) 


(n) 1.232 


172 


652 


0.007 


4 


III 


(a), (b) 


(n) 2.328 


220 


510 


0.036 


Coa^pantive 
Exsunple 


1 


DEG 


(b) 




10$ 


1058 




2 


TEG 


(b) 


«» 


150 


748 





[Note] (a): -(CHj)gO- 

(b) : -(CHj)jO- 

(c) : -CHaCH(CHj)0- 

n: Average number of moles of units (b) per 

mole of units (a) 
m: Average number of moles of units (c) per 
mole of units (a) 
Mn: Number average molecular weight 
DEG: H0[(CHj)20IjH 
TEG: HOnCHi)jOJ3H 



Table 2 



Item 

ExaaiplQ NoNs^ 


Type of 

polyether 

diol 


Pol^ 


yethercarbonate diol 


Type 


Hydroxyl 
value 

(agKOH/g) 


Acid 
value 

(lagKOH/g) 


Mn 


Tg 

rc) 


Viscosity 


ExamplQ 


1 


I 


A 


55.2 


0.099 


2034 


-58.1 


0.620 


2 


IV 


B 


55.5 


0.132 


2021 


-56,0 


0.404 


3 


II 


S 


56.4 


0.062 


1991 


'60.1 


0.906 


4 


III 


F 


56.9 


0,091 


1971 


-61.5 


0.476 


Coiaparative 
Example 


1 


DEG 


C 


49.7 


0,020 


2257 


-33.0 


2.250 


2 


TEG 


D 


54.1 


0.026 


2073 


-44.4 


0.994 



[Note] Tg: Glass transition temperature 



[0089] Table 2 shows that the liquid polyethercart}onate diols of the present Invention exhibit lower viscosities and 
glass transition temperatures than those of conventional liquid polyethercarbonate diols having a similar molecular 
weight to that of the present invention, and thus are useful, as a material for producing polyurethanes having a high 
flexibility and excellent mechanical properties at low temperature, as a polymeric ptasticizer having a high plasticizing 
property for various polymeric materials, and as a modifier for polymeric materials. 

Example 5 (Production of a themioplastic poiyurethane) 

[0090] In a glass reactor having a capacity (inner volume) of one liter and equipped with a stirrer, a thermometer and 
a cooling pipe, 60g (0.0295 mol) of the liquid polyethercarbonate diol (A) prepared in Example 1 and 5.33g (0.0592 
mol) of 1 ,4-butanediol were completely dissolved In 204g of dimethylformamlde at a temperature of 60**C. 
[0091 ] Approximately, g of the solution was sampled In an amount of one gram by using an injector, and was subjected 
to a moisture content measurement by using a Karl Fischer moisture meter, to determine the moisture content in the 
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solution. Then, into the solution, 4,4'-diphenylnriethane diisocyanate was mixed in an annount of 24.37g (0.0974 mol, 
NCO/OH molar ratio = 1.01) which molar amount is equal to the total molar amount of the liquid polyethercarbonate 
diol, 1 ,4-butanediol and moisture. The reaction solution was subjected to a reaction procedure at a temperature of 
SO'C. The viscosity of the reaction mixture increased with the progress of the reaction. The viscosity of the reaction 
5 solution was measured by using an E type viscometer at intervals of one hour. 

[0092] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 9 hours after the start of the reaction. The resultant solution exhibited a viscosity of 43.0 Pa*s at a temperature 
of 40'»C. 

[0093] The resultant solution of the thermoplastic polyurethane was heated to a temperature of 60°C, cast on a 
10 releasing glass plate, and heat-treated at a temperature of 70''C for one hour and then at ^20''C for 2 hours. A ther- 
moplastic polyurethane film having a thiclcness of about 200 ^m was obtained. The properties of the film are shown in 
Table 3. 

Example 6 (Production of a thermoplastic polyurethane) 

15 

[0094] In the same glass reactor as in Example 5, 60g (0.0297 mol) of the liquid polyethercarbonate diol (B) prepared 
in Example 2, and 5.35g (0.0594 mol) of 1 ,4'butanedlol and 0.01 7g (280 ppm) of dibutyltin iaurate were completely 
dissolved in 204g of dimethylfomriamide at a temperature of 60°C. 

[0095] In the same manner as in Example 5, 4,4'-diphenylmethane diisocyanate was mixed in an amount of 25.43g 
20 (0.1016 mol, NCO/OH molar ratio = 1 .06) into the solution. The reaction solution was subjected to the same reaction 
procedures as in Example 5. 

[0096] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 7 hours after the start of the reaction. The resultant solution exhibited a viscosity of 4.4 Pa-s at a temperature 
of 40°C. 

25 [0097] The resultant solution of the themnoplastic polyurethane was heated to a temperature of 60°C, cast on a 
releasing glass plate, and heat-treated under the same conditions as in Example 5, to prepare a thermoplastic poly- 
urethane film having a thickness of about 200 \vm. The properties of the film are shown in Table 3. 

Comparative Example 3 (Production of a thermopiastic polyurethane) 

30 

[0098] In the same glass reactor as in Example 5, SOg (0.0297 mol) of the liquid polyethercarbonate diol (C) prepared 
in Comparative Example 1 and 4.79g (0.0532 mol) of 1 ,4-butanediol were completely dissolved In 1 98g of dimethyl- 
fonnamide at a temperature of 60°C. 

[0099] In accordance with the same procedures as in Example 5, 4,4'-diphenylmethane diisocyanate was mixed in 
35 an amount of 21 .42g (0.0857 mol, NCO/OH molar ratio = 1 .01 5) into the solution. The reaction solution was subjected 
to the same reaction procedures in Example 5. 

[0100] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 7 hours after the start of the reaction. The resultant solution exhibited a viscosity of 2.92 Pa-s at a temperature 
of 40''C. 

40 [0101] The resultant solution of the thenmoplastic polyurethane was heated to a temperature of 60°C, cast on a 
releasing glass plate, and heat-treated under the same conditions as in Example 5. A themioplastic polyurethane film 
having a thiclcness of about 200 ^m was obtained. The properties of the film are shown in Table 3. 

Comparative Example 4 (Production of a thermoplastic polyurethane) 

45 

[01 02] In the same glass reactor as in Example 5, 60g (0.0289 mol) of the liquid polyethercarbonate diol (D) prepared 
in Comparative Example 2 and 5.20g (0.0578 mol) of 1 .4-butanediol were completely dissolved in 206g of dimethyl- 
formamlde at a temperature of SO^'C. 

[0103] In accordance with the same procedures as in Example 5, 4,4'-diphenylmethane diisocyanate was mixed in 
so an amount of 23.27g (0.0931 mol, NCO/OH molar ratio = 1 .015) into the solution. The reaction solution was subjected 
to the same reaction procedures as in Example 5. 

[01 04] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 7 hours after the start of the reaction. The resultant solution exhibited a viscosity of 3.60 Pa-s at a temperature 
of 40«C. 

55 [0105] The resultant solution of the thenmoplastic polyurethane was fomned into a film by tiie same procedures as 
in Example 5. A thermoplastic polyurethane film having a thickness of about 200 pm was obtained. The properties of 
the film are shown in Table 3. 
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Example 7 (Production of a thetmoplastic polyurethane) 

[0106] In the same glass reactor as in Example 5, 50g (0.0246 mol) of the liquid polyethercarbonate diol (A) prepared 
In Example 1 and 12.3g (0.0491 mol) of 4,4'-diphenylmethane dilsocyanate were completely dissolved in 147g of 

s dimethylformamide at a temperature of 60°C. 

[01 07] The solution was subjected to a reaction procedure at a temperature of SO^C for 2 hours. Then, the resultant 
solution was mixed with 3g (0.0492 mol) of 2-ethanolamine and 20g of dimethylfonnamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for one hour to prepare a prepolymer having hydroxy! 
groups located in the two temilnals of each prepolymer molecule. 

10 [0108] The moisture content of the resultant prepolymer solution was measured by the same procedures as in Ex- 
amples, and into the prepolymer solution, 4,4'-diphenylmethane dilsocyanate was mixed In an amount of 7.65g (0.0306 
mol, NCO/OH molar ratio = 0.98). The resultant reaction solution was left to stand at room temperature for 40 minutes 
and then was subjected to the same reaction procedures as in Example 5. 

[01 09] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
'5 namely 6 hours after the start of the reaction. The resultant solution exhibited a viscosity of 65.7 Pa-s at a temperature 
of 40°C. 

[0110] The resultant solution of the thermoplastic polyurethane was formed into a film by the same procedures as 
In Example 5. A thermoplastic polyurethane resin film having a thickness of about 200 \im was obtained. The properties 
of the film are shown in Table 3. 

20 

Example 8 (Production of a themrioplastic polyurethane) 

[01 1 1 ] In the same glass reactor as In Example 5, 50g (0.0251 mol) of the liquid polyethercarbonate diol (E) prepared 
in Example 3 and 12.3g (0.0491 mol) of 4,4'-diphenylmethane diisocyanate were completely dissolved in 148g of 

25 dimethylformamide at a temperature of 60" C. 

[0112] The solution was subjected to a reaction procedure at a temperature of 80°C for 2 hours. Then, the resultant 
solution was mixed with 3.08g (0.0503 mol) of 2-ethanol amine and 20g of dimethylfomnamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for 1 .45 hours to prepare a prepolymer having hydroxyl 
groups located In the two temfilnals of each prepolymer molecule. 

30 [0113] Into the prepolymer solution, 4,4'-diphenylmethane diisocyanate was mixed in an amount of 7.74g (0.0310 
mol, NCO/OH molar ratio = 0.98) by the same procedures as in Example 7. The resultant reaction solution was left to 
stand at room temperature for 20 minutes and then was subjected to the same reaction procedures as in Example 5. 
[01 1 4] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 7 hours after the start of the reaction. The resultant solution exhibited a viscosity of 53.3 Pa-s at a temperature 

35 of 40'»C. 

[01 15] The resultant solution of the thermoplastic polyurethane was formed into a film by the same procedures as 
in Example 5. A themioplastic polyurethane film having a thickness of about 200 ^m was obtained. The properties of 
the film are shown in Table 3. 

40 Example 9 (Production of a themioplastic polyurethane) 

[0116] In the same glass reactor as in Example 5, 50g (0.0254 mol) of the liquid polyethercarbonate diol (F) prepared 
in Example 4 and 12.7g (0.0508 mol) of 4,4'-diphenylmethane diisocyanate were completely dissolved In 148g of 
dimethylformamide at a temperature of 60''C. 
^ [01 1 7] The solution was subjected to a reaction procedure at a temperature of 80*'C for 2 hours. Then, the resultant 
solution was mixed with 3.1 Og (0.0508 mol) of 2-ethanolamine and 20g of dimethylfomriamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for 50 minutes to prepare a prepolymer having hydroxyl 
groups located In the two temninals of each prepolymer molecule. 

[0118] By the same procedures as in Example 7, into the prepolymer solution, 4,4-diphenylmethane diisocyanate 
so was mixed in an amount of 7.82g (0.031 3 mol, NCO/OH molar ratio = 0.98). The resultant reaction solution was left to 
stand at room temperature for 20 minutes and then was subjected to the same reaction procedures as in Example 5. 
[01 1 9] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 6 hours after the start of the reaction. The resultant solution exhibited a viscosity of 54.3 Pa-s at a temperature 
0f40°C. 

55 [0120] The resultant solution of the thenmoplastic polyurethane was fonned into a film by the same procedures as 
in Example 5. A themioplastic polyurethane film having a thickness of about 200 ^m was obtained. The properties of 
the film are shown in Table 3. 
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Example 10 (Production of a thermoplastic polyurethane) 

[01 21 ] In the same glass reactor as in Example 5, 50g (0.0251 mo!) of the liquid polyethercarfoonate dioi (E) prepared 
in Example 3 and 2.57g (0,0503 mol) of 4,4*-diphenylmethane diisocyanate were completely dissolved in 139g of 

5 dimethylfonnamlde at a temperature of 60°C. 

[0122] The solution was subjected to a reaction procedure at a temperature of 80°C for 2 hours. Then, the resultant 
solution was mixed with 1 .53g (0.0251 mol) of 2-ethanolamine and 20g of dimethylfomnamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for 2.1 hours to prepare a prepolymer having hydroxyl 
groups located in the two tenninals of each prepolymer molecule. 

10 [0123] The resultant prepolymer solution was left to stand at room temperature for 20 minutes and then was subjected 
to the same reaction procedures as in Example 5. 

[01 24] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 1 0 hours after the start of the reaction. The resultant solution exhibited a viscosity of 36. 1 Pa-s at a temperature 
of 40''C. 

IS [0125] The resultant solution of the themioplastic polyurethane was formed into a film by the same procedures as 
in Example 5. A themioplastic polyurethane film having a thickness of about 200 ^m was obtained. The properties of 
the film are shown in Table 3. 

Example 1 1 (Production of a themioplastic polyurethane) 

20 

[0126] In the same glass reactor as in Example 5, 50g (0.0254 mol) of the liquid polyethercarbonate diol (F) prepared 
in Example 4 and 12.7g (0.0508 mol) of 4,4'-diphenylmethane diisocyanate were completely dissolved in 147g of 
dimethylfonnamide at a temperature of 60<'C. 

[0127] The solution was subjected to a reaction procedure at a temperature of 80*C for 2 hours. Then, the resultant 
25 solution was mixed with 3.1 Og (0.0508 mol) of 2-ethanolamine and 20g of dimethylfomriamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for 1 .45 hours to prepare a prepolymer having hydroxyl 
groups located in the two terminals of each prepolymer molecule. 

[0128] Into the prepolymer solution, 4.4'-diphenylmethane diisocyanate was mixed in an amount of 12.7g (0.0508 
mol). The resultant reaction solution was subjected to a reaction procedure at room temperature for 65 minutes to 
30 prepare a prepolymer having isocyanate groups located in the two terminals of each prepolymer molecule. 

[0129] Into the prepolymer solution, 1 .55g (0.0254 mol) of 2-ethanolamine and 20g of dimethylfomriamide were mixed, 
and it was subjected to a reaction procedure at room temperature for 25 minutes, and then to the same reaction 
procedures as in Example 5. 

[01 30] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
35 namely 8 hours after the start of the reaction. The resultant solution exhibited a viscosity of 48.0 Pa-s at a temperature 
of 40'C. 

[0131] The resultant solution of the themioplastic polyurethane was formed into a film by the same procedures as 
in Example 5. A themnoplastic polyurethane film having a thickness of about 200 \vm was obtained. The properties of 
the film are shown in Table 3. 

40 

Example 12 (Production of a themioplastic polyurethane) 

[0132] In the same glass reactor as in Example 5, 50g (0.0250 mol) of the liquid polyethercarbonate diol (A) prepared 
in Example 1 and 12.49g (0.0500 mol) of 4,4'-diphenylmethane diisocyanate were completely dissolved in llOg of 

45 dimethylformamide at a temperature of 60°C. 

[0133] The solution was subjected to a reaction procedure at a temperature of 80*'C for 2 hours. Then, the resultant 
solution was mixed with 0.1 8g (0.0025 mol) of n-butytamine and 20g of dimethylfonnamide, and the resultant solution 
was subjected to a reaction procedure at room temperature for 1 .4 hours and the resultant solution was mixed with 
1 .76g (0.0238 mol) of 1 ,2-propylenediamine and 20g of dimethylformamide, and was subjected to a reaction procedure 

50 at a temperature of 3*C for 5 minutes, to prepare a prepolymer having a hydroxyl group and an isocyanate group 
located in the two temninals of each prepolymer molecule. 

[0134] The prepolymer solution was heated to room temperature and subjected to a reaction procedure at room 
temperature. The viscosity of the reaction mixture Increased with progress of the reaction. The viscosity of the reaction 
solution was measured by using an E type viscometer at intervals of one hour. 
55 [01 35] The reaction was stopped at a stage at which substantially no increase in viscosity of the solution was detected, 
namely 4.5 hours after the start of the reaction. The resultant solution exhibited a viscosity of 31 .3 Pa-s at a temperature 
of 40*'C. 

[0136] The resultant solution of the themioplastic polyurethane was formed into a film by the same procedures as 
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in Example 5. A thermopiastic polyurethane film having a thickness of about 200 [wn was obtained. The properties of 
the film are shown in Table 3. 
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[0137] Table 3 clearly shows that the thermoplastic polyurethanes of the present invention exhibited excellent me- 
chanical properties at low temperature, low glass transition temperatures, and satisfactory flexibilities and stretchabil- 
ities (elongation, recovery) In comparison with those of conventional polyurethanes, and thus are useful for castings, 
reaction injection moldings (RIM), resin transfer moldings (RTM) and emulsions, especially for polyurethane cast elas- 

5 tomers, RIM elastomers, aqueous dispersions for castings. Also, the polyethercarbonate diol of the present invention 
has an excellent impregnation property for fiber-reinforcements, and thus is appropriately employed for various com- 
posite materials produced by, for example, filament winding, pultrusion and laminating using prepregs. 
[0138] The polyethercarbonate diol of the present invention has a low viscosity, a low glass transition temperature, 
and an easy-handling property. 

10 [0139] The thermoplastic polyurethane of the present invention produced from the polyethercarbonate diols exhibits 
excellent mechanical properties at low temperature, and satisfactory flexibility, stretchability (elongation and recovery), 
heat resistance, hydrolysis resistance, and weather resistance. These properties are well-balanced. Thus, the ther- 
moplastic polyurethane of the present invention Is useful for thenmoplastic elastomers, elastic fibers, and artificial leath- 
ers. 

15 

Claims 

1 . A thermoplastic polyurethane comprising a polyaddition product of a liquid polyethercarbonate diol with a diisocy- 
20 anate and a chain extender, 

wherein the liquid polyethercarbonate diol is a reaction product of a carbonate compound with a polyether 
diol having structural units (a) and at least one member of structural units (b) and (c) of the fonnulae: 

units (a): -(CHgje-O-, 
25 units (b) : -(CH2)2-0-. and 

units (c): -CH2CH{CH3)-0- 

the units (b) being present in an average number (n) of moles of 0 to 5 per mole of the units (a), the units (c) 
being present in an average number (m) of moles of 0 to 5 per mole of the units (a), and the total average number 
30 (n + m) of moles of the units (b) and (c) being more than 1 but not more than 5, per mole of the units (a). 

2. The thermoplastic polyurethane as claimed in claim 1 , wherein the polyether diol is selected from addition-reaction 
products of 1 ,6-hexanedlol with at least one member selected from the group consisting of ethylene oxide and 
propylene oxide. 

35 

3. The thennoplastic polyurethane as claimed in claim 1 or 2, wherein the polyether diol has a number average 
molecular weight of from 150 to 450. 

4. The thermoplastic polyurethane as claimed In anyone of claims 1 to 3, wherein the liquid polyethercarbonate diol 
40 has a number average molecular weight of 500 to 5,000. 

5. The themnoplastic polyurethane as claimed in claim 1 , wherein the liquid polyethercarbonate diol is selected from 
reaction products of carbonates with polyether diol compounds comprising the structural units (a) and (b), wherein 
the average number (n) of moles of the units (b) Is more than 1 but not more than 5 per mole of the units (a). 

45 

6. The thermoplastic polyurethane as claimed In claim 5, wherein the polyether diol has a number average molecular 
weight of from 150 to 450. 

7. The thermoplastic polyurethane as claimed in claim 5 or 6, wherein the liquid polyethercarbonate diol has a number 
50 average molecular weight of 500 to 5,000. 

8. The themnoplastic polyurethane as claimed in anyone of claims 1 to 7, wherein the carbonate compound is selected 
from the group consisting of dialkyi carbonates, diaryl carbonates, alkylene carbonates and alkylaryl carbonates. 

S5 9. The thenmoplastic polyurethane as claimed in anyone of claims 1 to 8, wherein the chain extender comprises at 
least one member selected from the group consisting of 1 ,4-butanedlol, 2-ethanolamine and 1 .2-propylenediamlne. 

10. The thennoplastic polyurethane as claimed in anyone of claims 1 to 9, wherein the diisocyanate is selected from 
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the group consisting of 4,4'-diphenytmethane diisocyanate, 1 ,6-hexamethyiene diisocyanate and isophorone di- 
isocyanate. 

1 1 . The thermoplastic polyurethane as claimed in anyone of claims 1 to 1 0, wherein in the polyaddition product of the 
5 liquid polyethercarbonate diol with the diisocyanate and the chain extender, the chain extender is employed in 

amount of 0.1 to 10 moles per mole of the liquid polyethercarbonate diol and the diisocyanate is employed in a 
molar amount substantially equal to the total molar amount of the liquid polyethercarbonate diol and the chain 
extender. 

10 12. The thermoplastic polyurethane as claimed in any one of claims 1 to 11, wherein the reaction of the carbonate 
compound with the polyether diol is earned out in a molar ratio of the carbonate compound to the polyether diol 
of 1 :0.8 to 1 :3.0, in the presence of a transesterification catalyst. 

13. A liquid polyethercarbonate diol comprising a reaction of a carbonate compound with a polyether diol having struc- 
IS tural units (a) and at least one member of structural units (b) and (c) of the fomnulae: 

units (a): -(CHgje-O- 
units (b) : -(CHaja-O- 
units (c): -CH2CH(CH3)-0- 

20 

the units (b) being present in an average number (n) of moles of 0 to 5 per mole of the units (a), the units (c) 
being present in an average number (m) of moles of 0 to 5 per mole of the units (a), and the total average number 
(n + m) of moles of the units (b) and (c) being more than 1 but not more than 5, per mole of the units (a). 

25 14. The liquid polyethercarbonate diol as claimed in claim 13, wherein the polyether diol Is selected from addition- 
reaction products of 1 ,6-hexanedioI with at least one member selected from the group consisting of ethylene oxide 
and propylene oxide. 

15. The liquid polyethercarbonate diol as claimed in claim 13 or 14, wherein the polyether diol has a number average 
30 molecular weight of from 1 50 to 450 . 

16. The liquid polyethercarbonate diol as claimed in anyone of claims 13 to 15, having a number average molecular 
weight of 500 to 5,000. 

35 17. The liquid polyethercarbonate diol as claimed in claim 1 3, selected from reaction products of carbonate compounds 
with polyether diols comprising the structural units (a) and (b), wherein the average number (n) of moles of the 
units (b) is more than 1 but not more than 5 per mole of the units (a). 

18. The liquid polyethercarbonate diol as claimed in claim 17, wherein the polyether diol has a number average mo- 
40 lecular weight of from 1 50 to 450. 

19. The liquid polyethercarbonate diol as claimed in claim 1 7 or 1 8, having a number average molecular weight of 500 
to 5.000. 

45 



50 



55 



19 



EP1 219 655A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 13 0394 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CMon of document with Indicsalion, where appropriate, 
of relevant passages 



Relevant 
to cl&bn 



CLASSIFICATION OF THE 
APPLICATION (lnt£1.7> 



D,A 



EP 0 603 675 A (BAYER AG) 

29 June 1994 (1994-06-29) 

* example 1 * 

EP 0 358 555 A (DAICEL CHEM) 
14 March 1990 (1990-03-14) 

* page 4, line 31-39; claim 7; example 2 * 

EP 0 292 772 A (BAYER AG) 

30 November 1988 (1988-11-30) 

* claims 1,5 * 

US 3 639 354 A (MULLER ERWIN ET AL) 
1 February 1972 (1972-02-01) 

* column 4, line 31-75; claim 1 * 

* column 2, line 49 - column 3, line 44 * 



1-19 



1-19 



1-19 



1-19 



C08G18/44 
C08G18/66 
C03G64/18 
C08G18/76 
C08618/10 



TECHNICAL RELDS 
SEARCHED (int.Ci.T) 



C08G 



The present search report has been drawn up for all claims 



PlBOftofseaxh 

MUNICH 



OsiB of oompMofl of the MNVch 

21 March 2002 



Euninor 

Lanz, S 



CATEGORY OF ClirO DOCUVEMTS 

X : particuJarty retovant if taken a*one 

Y : parttsulariy relevant if oomtilned wtln another 

document of the same catogoiy 
A : t8c!v!o9off cal b&dtgmjnd 
O : Rcn^wrttten dtsdosure 
P : jnlarmedlate tioouffiert 



T : theory or prindpJe underlying the Inventon 
E : earUr patent documeri, bur. puo'Jshed on, or 

after &-e filing dat& 
D : docjmett cited in the app cation 
L : doci>rr«nt tiled fo^ otner reasons 

& : rrember of me sa-ne pa*^ famliy, scrrespcundSrg 
dacuTcnl 



20 



EP1 219 655A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 13 0394 



This annex lists the patent family members relating to the patent documents dted In the above-fnentioned European search report. 
The members are as oontatnod In the European Patent Office EDP file on 

The European Patent Office Is h no way liable for these particulars which are merely given for the purpose of Information. 

21-03-2002 



Patent document 




ruDiicaxion 






Patent family 


Publication 


cited In search report 




date 






member(s) 




EP 0603675 


A 


29-06-1994 


Dt 


4315173 Al 


30-06-1994 








^ A 

CA 


2111926 Al 


24-06-1994 








DE 


59307673 01 


18-12-1997 








DK 


603675 T3 


27-07-1998 








EP 


0603675 Al 


29-06-1994 








E5 


2108804 T3 


01-01-1998 








Jr 




10-08-1994 





— _ 




US 


5374704 A 


20-12-1994 


EP 0358555 


A 


14-03-1990 


JP 


2175721 A 




09-07-1990 








JP 


2879685 82 


05-04-1999 








EP 


0358555 A2 


14-03-1990 








US 


5100999 A 


31-03-1992 








JP 


2255822 A 


16-10-1990 








JP 


2844466 82 


06-01-1999 


EP 0292772 


A 


30-11-1988 


OE 


3717060 Al 


01-12-1988 








AT 


98273 T 


15-12-1993 








CA 


1305172 Al 


14-07-1992 








OE 


3886094 Dl 


20-01-1994 








EP 


0292772 A2 


30-11-1988 








ES 


2059430 T3 


16-11-1994 








JP 


2631507 B2 


16-07-1997 








JP 


63305127 A 


13-12-1988 








US 


4808691 A 


28-02-1989 


US 3639354 


A 


01-02-1972 


OE 


1694136 Al 


29-07-1971 








FR 


1566435 A 


09-05-1969 








GB 


1165830 A 


01-10-1969 








SE 


326037 B 


13-07-1970 





) For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



21 



